Genotoxic stress arising from various endogenous and exogenous sources poses a constant threat to the genetic information of human cells. The preservation of genomic integrity, therefore, requires an instantaneous but concomitantly also well-orchestrated, fine-tuned and tightly controlled DNA damage response (DDR) in order to counteract deleterious consequences of DNA lesions.[@R1] Specific post-translational modifications (PTMs), including phosphorylation and poly(ADP-ribosyl)ation, are well known to occur within minutes after DNA damage to elicit DNA damage signaling events, allowing for efficient activation of DNA repair processes.[@R1]

Protein lysine acetylation is a PTM that has long been known to play a prominent role in the regulation of gene expression via modulation of chromatin structure involving modification of histone tails and non-histone proteins through lysine acetyltransferases (HATs/KATs) and deacetylases (HDACs/KDACs). Recent proteomic approaches identified a large number of protein acetylation sites in human cells.[@R2]^,^[@R3] Few examples exist for which a specific role of protein (de)acetylation has been described to regulate DDR-related processes.[@R1]^,^[@R4]^,^[@R5] However, a comprehensive picture of how acetylation events are modulated during the DDR is only beginning to emerge. In a recent quantitative proteomic screen, Beli and coworkers analyzed the regulation of protein acetylation in response to genotoxic stress.[@R3] They detected relatively minor acetylation changes at single time points after ionizing radiation (IR) or etoposide treatment. This stands in marked contrast to a more pronounced regulation of phosphorylation sites that also occur on a significantly larger set of proteins.[@R3]

In a similar approach utilizing quantitative mass-spectrometry Bennetzen et al. have now specifically focused on a more kinetic analysis of nuclear protein acetylation monitoring both very early (5 min) and late (1 h) changes in acetylation upon IR.[@R6] The authors made the striking observation that a transient deacetylation wave emerges very rapidly after DNA damage, which is reverted 1 h after the treatment ([Fig. 1](#F1){ref-type="fig"}), with the vast majority of regulated sites being identified on histones and histone-modifying enzymes. Interestingly, the HAT p300 was also found to be rapidly deacetylated on two residues, potentially indicating an autoregulatory feedback loop for DNA damage-induced protein acetylation.

![**Figure 1.** Schematic representation of protein deacetylation kinetics in response to ionizing radiation. The dotted line indicates that these time points have not been investigated yet.](cc-12-1993-g1){#F1}

While the deacetylation wave was the most prominent observation in the screen by Bennetzen et al., an increased acetylation could be detected for some proteins. For example, the protein methyltransferase MLL3 was acetylated at several residues 1 h after IR, suggesting a functional link between methylation and acetylation in the epigenetic regulation of DNA damage-dependent gene expression.[@R6] The results from this screen are therefore likely to further initiate investigations on the hitherto poorly understood crosstalk between different PTMs happening on lysine residues (e.g., acetylation, methylation, ubiquitylation and SUMOylation) in response to DNA damage. All of these modifications can potentially compete for the same residue and thus need to be tightly regulated.

Interestingly, no consensus sequence motif could be identified for DNA damage-regulated acetylation sites in contrast to other studies, which revealed certain amino acid preferences in the vicinity of acetylation sites in unperturbed cells.[@R2] It would therefore be interesting to identify the HDACs responsible for this early deacetylation response. In light of the current clinical trials testing HDAC inhibitors for treatment of specific types of cancer, the results from the presented study could broaden up the possibilities for developing more effective, timely optimized combination therapies.[@R7]

Although the number of identified sites was relatively low in this proteomic screen compared with other studies, the results open up a new exciting view on early PTM regulation in the DDR and highlight the importance of performing further quantitative proteomic studies that focus more on the temporal dynamics of certain PTMs and their cellular consequences upon specific perturbations. Such studies could be complemented by quantitative fluorescence microscopy imaging using domains that recognize specific PTMs. For example, Bromodomains,[@R8] which are known to bind acetylated lysine residues, could be used to resolve temporal protein acetylation changes live and in a continuous way. This could also address whether changes in protein acetylation occur locally at sites of DNA damage, or whether they influence chromatin compaction in a widespread manner.

In conclusion, the paper provides a valuable resource for future investigations on the functional role of DNA damage-dependent changes in protein acetylation and highlights that both acetylation and deacetylation underlie a very rapid regulation.
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